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$EVWUDFW
7KH LQWHJUDWHG XVH RI PXOWLSOH 6\QWKHWLF $SHUWXUH 5DGDU 6$5 SODWIRUPV IRU WKH GHIRUPDWLRQ PRQLWRULQJ YLD VDWHOOLWH UDGDU
LQWHUIHURPHWU\RIIHUVVHYHUDOSHUVSHFWLYHVIRULQYHVWLJDWLRQRIWKHEHKDYLRXURIQHZDQGDJHLQJVWUXFWXUHVVXFKDVEXLOGLQJVDQG
LQIUDVWUXFWXUHVXQGHUYDU\LQJRUKD]DUGRXVHQYLURQPHQW6SDQQLQJDOPRVW\HDUVRIVSDFHERUQHUDGDUREVHUYDWLRQVWKLVVWXG\
DLPV WR SHUIRUP FODVVLFDO 36,Q6$5 3HUVLVWHQW 6FDWWHUHU ,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU DQDO\VLV LQFRUSRUDWLQJ
PHDVXUHPHQWVRI(56(QYLVDW7HUUD6$5;6HQWLQHO$DQG5DGDUVDWVDWHOOLWHV7KHUHVXOWVIURPWKHSURFHVVLQJRIGLIIHUHQW
VHQVLQJJHRPHWULHVRYHU%UDWLVODYD6ORYDNLDXUEDQDUHDDUHSUHVHQWHGIRFXVLQJRQWKHGHVFULSWLRQRIFKDUDFWHULVWLFVDVVRFLDWHG
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,QWURGXFWLRQ
7KH IRUPLGDEOH DGYDQWDJH RI VSDFHERUQH ,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU ,Q6$5 LV LWV DELOLW\ WR
PRQLWRU VPDOO GLVSODFHPHQWVRYHUZLGH DUHDVZLWKRXW WKHQHHG IRU LQVLWXREVHUYDWLRQVZKLOHSURYLGLQJ DFFXUDF\
VLPLODU WR WKH FRQYHQWLRQDO WHUUHVWULDO WHFKQLTXHV HJ OHYHOOLQJ RU*OREDO1DYLJDWLRQ 6DWHOOLWH 6\VWHPV*166
,Q6$5KDVFXUUHQWO\EHHQDSSOLHGLQDQXPEHURIDSSOLFDWLRQVHQFRPSDVVLQJWKHXVHRIVSDFHERUQHVHQVRUVRSHUDWLQJ








)ROORZLQJ WKH RQJRLQJ UHVHDUFK 6$5 GDWD DFTXLUHG E\ (56 (QYLVDW 7HUUD6$5; 6HQWLQHO$ DQG5DGDUVDW
VDWHOOLWHVDUHXWLOL]HGLQRUGHUWRLPSURYHWKHNQRZOHGJHDERXWWKHVSDWLDODQGWHPSRUDOHYROXWLRQRIWKHEXLOGLQJVDQG
LQIUDVWUXFWXUHVZLWKLQ WKHXUEDQL]HG DUHDRI%UDWLVODYD FDSLWDO FLW\RI6ORYDNLD7KDQNV WR WKH UHOHQWOHVVERRP LQ
FRQVWUXFWLRQ IORRGV RFFXUULQJ HYHU\ ILYH \HDUV RQ DYHUDJH JHRORJ\ FRQWDLQLQJ QXPEHU RI WHFWRQLF IDXOWV DQG
FRQVLGHUDEOHDPRXQWRIKHULWDJHVWUXFWXUHVLQWKHFHQWHUDQGLQGXVWULDOFRPSOH[HVRQWKHRXWVNLUWVVWUXFWXUHVVDIHW\
FRQFHUQV JDLQ LQ LPSRUWDQFH 0RUHRYHU ZLWK WKH HYLGHQFH RI EXLOGLQJV DIIHFWHG E\ WKH VWDWLF SUREOHPV DQG
FRPSRQHQWVRI*DEFLNRYR1DJ\PDURVZDWHUZRUNVLQVXUURXQGLQJWKHHIILFLHQWDVVHWPDQDJHPHQWWRPHHWVWULQJHQW
GHPDQGVRQVDIHW\DQGUHOLDEOHSHUIRUPDQFHRIVXFKREMHFWVEHFRPHVDGLVFLSOLQHRIFDSLWDO LQWHUHVW:LWKDOUHDG\



























6DWHOOLWH 7UDFN 3DVV ,PDJHV 3HULRG 0DVWHU $PRXQWRI36V 'HQVLW\36NP
(56  'HVFHQGLQJ  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 
  'HVFHQGLQJ  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7HUUD6$5;  'HVFHQGLQJ  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5DGDUVDW 2UG $VFHQGLQJ   6HS  
7KHDUHDRILQWHUHVWWRLQYHVWLJDWHWKHGLVSODFHPHQWSKHQRPHQDLVFRYHULQJDSSUR[LPDWHO\E\NLORPHWUHV
§NP7KH0DVWHUDFTXLVLWLRQVKDYHEHHQVHOHFWHGE\RSWLPL]LQJWKHGLVWULEXWLRQRISHUSHQGLFXODUDQGWHPSRUDO
EDVHOLQHV WRJHWKHUZLWKDVVHVVLQJ WKH LQIRUPDWLRQDERXW WKHZDWHUYDSRXUFRQWHQWDQGSUHFLSLWDWLRQGXULQJ0DVWHU
DFTXLVLWLRQWLPH)RUDOOLQWHUIHURPHWULFSDLUVWKHDEVROXWHYDOXHVRISHUSHQGLFXODUEDVHOLQHVDUHOHVVWKDQP,Q





P P DQG P UHVSHFWLYHO\ FRQVLGHULQJ WKH IDFW WKDW FULWLFDO EDVHOLQH YDOXH FKDQJHV IRU HDFK VHQVRU
VSHFLILFDOO\ IRU;EDQG § NP REVHUYDWLRQV 7KH VDPH WHQGHQF\ RI LPSURYHG RUELWDO FKDUDFWHULVWLFV LQPRGHUQ
VDWHOOLWHV LV HYLGHQW LQ UHJDUG WR WKH WLPH VDPSOLQJ RI WKH DFTXLVLWLRQV DVZHOO:KLOVW (56 DQG(QYLVDW GDWD DUH
XQHTXDOO\VDPSOHGWRWKHH[WHQWRIPRQWKV¶JDSVEHWZHHQREVHUYDWLRQVEHVLGHWKHWLPHJDSRI(566$5GDWDDW









WKUHVKROG RI  RQ DPSOLWXGH VWDELOLW\ LQGH[ IRU FUHDWLQJ D QHWZRUN WR HVWLPDWH SUHOLPLQDU\ SDUDPHWHUV DQG
DWPRVSKHULFSKDVHVFUHHQ$36ZDVXVHG7KXVWKH$36LVHVWLPDWHGXVLQJWDUJHWVZLWKKLJKDPSOLWXGHVWDELOLW\LQ
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DUH DQDO\VHG 7ZR NH\ SDUDPHWHUV DUH HVWLPDWHG KHUH KHLJKW DQG YHORFLW\ 7KH WLPH VPRRWKQHVV DVVXPSWLRQ IRU
HVWLPDWLQJ WKH OLQHDU WUHQG YHORFLW\ RI WKH GLVSODFHPHQW LV LPSOLFLW IRU WKLV VWHS )RU DOOPXOWLWHPSRUDO ,Q6$5
DSSURDFKHV WKH PRGHO DVVXPSWLRQV DUH DVVXPHG LQ RUGHU WR VROYH WKH V\VWHP RI HTXDWLRQV 7KH WLPH DQG VSDFH
VPRRWKQHVV DVVXPSWLRQ DGRSWHG LQ WKLV ZRUN VLPLODUO\ WR WKH FODVVLFDO 36,Q6$5PHWKRGRORJ\ PD\ FDXVH WKH
DWPRVSKHULF VLJQDO WREH FRQWDPLQDWHGE\ WKH VLJQDORI LQWHUHVW ,QRWKHUZRUGV D IDVWPRYHPHQWRU DQRQOLQHDU





LGHQWLILHG LQ WKH VWDEOH DUHD DUH FRPSXWHG$ MRLQW UHIHUHQFHSRLQWZLWK FRQVWDQW DPSOLWXGHEHKDYLRXU LQ DOO6$5
GDWDVHWVDQGYLVLEOHWKURXJKRXWWKHZKROHPRQLWRULQJSHULRGZDVVHOHFWHG7KHDUHDRIDUHIHUHQFHSRLQWLVORFDOLVHGLQ











































































VDWHOOLWHV LQWRRQHFRQWLQXRXV LQIRUPDWLRQ7KHTXHVWLRQ LVKRZWRSHUIRUPTXDOLW\FRQWURO LQPXOWLVHQVRU,Q6$5
GHIRUPDWLRQPRQLWRULQJ"$QGKRZWRDVVHVVVFDWWHUHUVZLWKH[WUHPHYHORFLWLHVDPRQJORZFRKHUHQWDUHDV"7RIXOO\








$FFRUGLQJ WR VWDQGDUG 36,Q6$5 DQDO\VLV SURYLGHG LQ WKLV ZRUN WKH LQYHVWLJDWHG XUEDQ DUHD RI %UDWLVODYD LV
VXIILFLHQWO\ VWDEOH LQ ZKROH PRQLWRULQJ SHULRG IURP  WR  36,Q6$5 DSSOLFDELOLW\ IRU WKH GHIRUPDWLRQ
PRQLWRULQJGHSHQGVRQWKHVSDWLDOSDWWHUQZDYHOHQJWKDQGUHYLVLWWLPHRI6$5HTXLSSHGVDWHOOLWHV7KHDYDLODELOLW\
RI SHUVLVWHQW VFDWWHULQJ WDUJHWV XVLQJ VWDQGDUG 36,Q6$5 DQDO\VLV DQG GLIIHUHQW 6$5 VHQVRUV YDULHV VLJQLILFDQWO\
WKURXJKRXW WKHPRQLWRULQJ SHULRGV 7DE  )LJ   %HVLGH WKH WHPSRUDO DQG JHRPHWULFDO GHFRUUHODWLRQ WKDW LV
SUHYHQWLQJWKHGHQVLW\RI36SRLQWVWRUHDFKKLJKHUOHYHOVWKHUHDUHLPSHUIHFWLRQVLQVXSSRVHGPDWKHPDWLFDOPRGHOV
IRUHVWLPDWHGSDUDPHWHUVQRQOLQHDUPRYHPHQWVKLJKSKDVHJUDGLHQWVVHDVRQDOSDWWHUQVHWFDQGRWKHUUHDVRQVRI
LQFRKHUHQFH HJ VXESL[HO SRVLWLRQ VLGHOREH REVHUYDWLRQV RUELWDO LQDFFXUDFLHV DWPRVSKHULF GLVWXUEDQFHV HWF
$OWKRXJKORWRIDGYDQFHVKDYHEHHQDFKLHYHGLQH[SORLWLQJORZRUSDUWLDOO\FRKHUHQWWDUJHWVDQGDUHFHUWDLQO\
ZRUWKRIDSSO\LQJLQUHSURFHVVLQJRIKLVWRULFDOGDWDVHWVWKHDVVHVVPHQWRIPRGHOLPSHUIHFWLRQVFDQEHVLJQLILFDQWO\







3URJUHVVLYH 6FDQVPRGHZLWK GD\V UHYLVLW SHULRG DIWHU ODXQFK RI 6HQWLQHO% DQG KLJKHU VSDWLDO UHVROXWLRQ RI
5DGDUVDW¶V )LQH PRGH ZLWK VWDWHRIDUW RUELW FKDUDFWHULVWLFV LV RI JUHDW EHQHILW IRU DQDO\VLV SURYLGHG RQ WKH
QDWLRQDOUHJLRQDOVFDOHDQGIRUFRPSOHPHQWLQJ;EDQGGDWD7KDQNVWRWKHIUHHDQGRSHQGDWDSROLF\RI6HQWLQHO$
ZLWK HQKDQFHG VZDWK FRYHUDJH IRUHVHHQ GDWD ERRVW IURP FRQVWHOODWLRQPLVVLRQV 6HQWLQHO% 7HUUD6$5;1HZ
*HQHUDWLRQ5DGDUVDW&RQVWHOODWLRQ0LVVLRQHWFWKHQHZHUDRIRSHUDWLRQDO6$5FRXOGPDNHLWVZD\WRWKHEURDGHU
XVHU FRPPXQLW\ 7KH FUHGLW IRU PDNLQJ 6$5 DUFKLYHV IUHHO\ DYDLODEOH LV DV LPSRUWDQW DV LPSURYLQJ VDWHOOLWH¶V
FKDUDFWHULVWLFV7KHEUHDNWKURXJKRIWKHWHFKQRORJ\ZLOOKHOSWRGHILQHHQGXVHUVGHPDQGVRQWKHWKHILQDOSURGXFWV













VXSSRUWHGE\7KH0LQLVWU\RI(GXFDWLRQ<RXWKDQG6SRUWV IURP WKH1DWLRQDO3URJUDPPHRI6XVWDLQDELOLW\ 138 ,,SURMHFWÄ,7,QQRYDWLRQV
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